The study of social phenomena is becoming increasingly reliant on big data from on-2 line social networks. Broad access to social media data, however, requires software 3 development skills that not all researchers possess. Here we present the IUNI Observa-4 tory on Social Media, an open analytics platform designed to facilitate computational 5 social science. The system leverages a historical, ongoing collection of over 70 billion 6 public messages from Twitter. We illustrate a number of interactive open-source tools 7 to retrieve, visualize, and analyze derived data from this collection. The Observatory, 8
Introduction
1 The website truthy.indiana.edu was created to host our first demo, motivated by the application of social media analytics to the study of "astroturf," or artificial grassroots social media campaigns orchestrated through fake accounts and social bots (Ratkiewicz et al., 2011b) . The Truthy nickname was later adopted in the media to refer to the entire project. which the data originates has a rate that ranges in the order of 10 6 − 10 8 tweets/day. 102 Figure 1 illustrates the growth of the Twitter collection over time.
103
System Architecture
104
Performing analytics at this scale presents specific challenges. The most obvious has to 105 do with the design of a suitable architecture for processing such a large volume of data.
106
This requires a scalable storage substrate and efficient query mechanisms.
107
The architecture the Observatory builds upon the Apache Big Data Stack (ABDS) 108 framework (Jha et al., 2014; Qiu et al., 2014; Fox et al., 2014) . Development has been 109 driven over the years by the need for increasingly demanding social media analytics 110 applications (Gao et al., 2011; Gao and Qiu, 2013, 2014; Gao et al., 2014 Gao et al., , 2015 Wu et al., 111 2016 Apache Software Foundation, 2016a).
116
The architecture is illustrated in Figure 2 . The data collection system receives data Figure 4 : Interactive Network Visualization Tool. A detail of the network of retweets and mention for a hashtag commonly linked to "Ice Bucket Challenge," a popular Internet phenomenon from 2014. The size of a node is proportional to its strength (weighted degree). For visualization purposes, the size of large networks is reduced by extracting their k-core (Alvarez-Hamelin et al., 2005) with k sufficiently large to display 1,000 nodes or less (k = 5 in this example). The detail shows the patterns of mention and information broadcasting occurring between celebrities, as the viral challenge was taking off.
Animations 209
Because tweet data are time resolved, the evolution of a diffusion or co-occurrence net-210 work can be also visualized over time. Currently the Networks tool visualizes only static 211 networks aggregated over the entire search period specified by the user; we aim to add 212 the ability to observe the network evolution over time, but in the meantime we also pro-213 vide the Movies tools, an alternative service that lets users generate animations of such 214 processes ( Figure 5 ). We have successfully experimented with fast visualization tech-215 niques in the past, and have found that edge filtering is the best approach for efficiently 216 visualizing networks that undergo a rapid churn of both edges and nodes. We have 217 therefore deployed a fast filtering algorithm developed by our team (Grabowicz et al., through geographic space and time. A subset of tweets (ranging between ≈ 3% in the
